The aim of this study was to clarify the relationship between alcohol intake and metabolic syndrome in Japanese men and women. Methods: Japanese female subjects (n 11,187) were divided into non-, light ( 22 g ethanol/day) and heavy (≥ 22 ethanol/day) drinkers, and Japanese male subjects (n 19,398) were divided into non-, light ( 22 g ethanol/day), heavy (≥ 22 and 44 g ethanol/day) and very heavy (≥ 44 g ethanol/day) drinkers. The mean level of each variable and the prevalence of each risk factor and metabolic syndrome were compared among the groups. Results: In men and women, blood pressure and HDL cholesterol tended to be higher, and hemoglobin A1c tended to be lower with increased alcohol intake. Waist circumference showed U-and V-shaped relationships, and log-converted triglyceride showed J-and V-shaped relationships with alcohol intake in men and women, respectively. The prevalence of metabolic syndrome was lowest in light drinkers in men and women and was significantly higher in very heavy drinkers than in nondrinkers in men. In men, the odds ratio vs. non-drinkers for metabolic syndrome was significantly low in light drinkers, while the odds ratio was significantly high in very heavy drinkers. In women, a significantly low odds ratio vs. non-drinkers for metabolic syndrome was obtained in light drinkers. Conclusion: Light drinking is associated with a lower risk of metabolic syndrome in Japanese men and women, while very heavy drinking is thought to increase the risk of metabolic syndrome in Japanese men. Thromb, 2010; 17:695-704. 
Introduction
Metabolic syndrome is a clustering of risk factors, such as visceral obesity, hypertension, dyslipidemia, and hyperglycemia, which are known to promote the development of atherosclerotic cardiovascular disease [1] [2] [3] . Alcohol drinking shows both preventive and deteriorative effects on atherosclerotic progression. The former effect is mainly due to action of alcohol on blood lipids. Blood HDL and LDL cholesterol levels have been shown to be higher and lower, respec-tively, in drinkers than in non-drinkers 4, 5) . In alcohol drinkers, HDL2, which is a large and lipid-rich subclass of HDL, has been shown to be increased and to be involved in more effective reverse cholesterol transport 6, 7) , resulting in a decreased risk for atherosclerosis. From a meta-analysis study, alcohol consumption up to 72 g/day showed a protective effect against coronary heart disease 8) . Alcohol is also known to induce hypertension 9, 10) , which is a major risk factor for atherosclerotic disease. Thus, alcohol increases the risk for cardiovascular disease, particularly the risk for hemorrhagic stroke, through the elevation of blood pressure 11) .
Since worldwide establishment of the concept of metabolic syndrome, there has been an accumulation of information on the relationship between alcohol drinking and metabolic syndrome. A recent metaanalysis study using seven previous studies on alcohol and metabolic syndrome has shown that alcohol consumption 40 g/day for men and 20 g/day for women significantly reduced the prevalence of metabolic syndrome 12) . However, the results of previous studies on the relationship between alcohol drinking and metabolic syndrome are controversial: the relationship was reportedly inversely linear [13] [14] [15] [16] [17] , J-or U-shaped [18] [19] [20] , positively linear 21, 22) , and not significant [23] [24] [25] [26] [27] [28] . One possible reason for these discrepancies is the difference in race/ethnicity. In fact, the inverse association between alcohol consumption and the prevalence of metabolic syndrome was reportedly stronger in white men and women than in black and Mexican American men and women 16) . On the other hand, there have been only a limited number of reports about the relationship between alcohol drinking and metabolic syndrome in Asians. Controversial results about the relationship between alcohol drinking and metabolic syndrome have also been shown in three studies using Korean subjects 20, 22, 24) .
To the best of my knowledge, there has been only one study on the relationship between alcohol and metabolic syndrome in Japanese 21) . In this study, a significant increase in the risk of metabolic syndrome was shown in heavy drinkers (≥ 150 g ethanol/ week) compared with the risk in non-and light drinkers ( 150 g ethanol/week) 21) ; however, non-drinkers were not used as a single reference group for comparison of the prevalence of metabolic syndrome. Thus, it remains to be determined whether and how the risk of metabolic syndrome in Japanese drinkers is different from the risk in Japanese non-drinkers. Moreover, men and women were not separately analyzed in the above study. The aim of the present study was therefore to clarify the relationship between alcohol intake and metabolic syndrome in Japanese men and women.
Methods

Subjects
The subjects were healthy workers aged from 30 to 54 years (19,398 men and 11,187 women) who had received periodic health examinations at their workplaces in Yamagata Prefecture, Japan. All of the subjects were of Japanese origin. Subjects who were receiving treatment for any illness were requested to list them in a questionnaire at the health checkup. A cross-sectional study was performed using a local population-based database for the above subjects. This study was approved by the Ethics Committee of Yamagata University School of Medicine.
The average alcohol consumption of each subject per week was reported in questionnaires during health examinations at each workplace. Since it is difficult to know the correct average alcohol consumption of occasional drinkers, only regular drinkers who drank almost every day were used as drinkers for analysis in this study. Usual weekly alcohol consumption was recorded in terms of the equivalent number of "go", a traditional Japanese unit of amount of sake (rice wine). The amounts of other alcoholic beverages, including beer, wine, whisky and shochu (traditional Japanese distilled spirit), were converted and expressed as units of "go". One "go" contains about 22 g ethanol, and this amount was used to separate heavy drinkers from light drinkers since it is generally accepted that alcohol intake should be reduced to less than 30 mL or 20 − 30 g per day from the viewpoint of prevention of hypertension 29, 30) . Average daily alcohol intake (grams of ethanol per day) was then calculated. The male subjects were divided into four subgroups according to ethanol consumption per day (nondrinkers; light drinkers: 22 g ethanol per day; heavy drinkers: ≥ 22 g and 44 g ethanol per day; very heavy drinkers: ≥ 44 g ethanol per day). Since the number of female very heavy drinkers was very small, the female subjects were divided into only three groups (non-drinkers; light drinkers: 22 g ethanol per day; heavy drinkers: ≥ 22 g ethanol per day). Histories of cigarette smoking and illness of subjects were also surveyed by questionnaires.
Measurements
Height and body weight were measured wearing light clothes at the health checkup. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Waist circumference was measured at the navel level according to the recommendation of the definition of the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome 31) . Blood pressure was measured once by trained nurses, who were part of the local healthcheckup company, with a mercury sphygmomanometer on the day of the health checkup after each subject had rested quietly in a sitting position. Korotkoff phase V was used to define diastolic pressure. Fasted blood was sampled from each subject, and serum HDL cholesterol and triglyceride were measured by enzymatic methods using commercial kits. Hemoglobin A1c was assayed using high-performance liquid chromatography with a cation exchange column.
Criteria of metabolic syndrome
The variables of risk factors for atherosclerosis evaluated in this study were waist circumference, blood pressure, HDL cholesterol, triglyceride, and he-moglobin A1c. Metabolic syndrome was defined, according to the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome 31) with a slight modification, as the presence of 2 or more risk factors in addition to visceral obesity (waist circumstance: ≥ 85 cm for men and ≥ 90 cm for women). Risk factors are high blood pressure, dyslipidemina (low HDL cholesterol and/or high triglyceride) and hyperglycemia. Instead of fasting blood glucose, hemoglobin A1c, which is more sensitive for the diagnosis of hyperglycemia than fasting glucose, was used in this study. The criterion for each risk factor was as follows: high blood pressure, systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg; low HDL cholesterol, HDL cholesterol 40 mg/dL for men and 50 mg/dL for women; high triglyceride, triglyceride ≥ 150 mg/dL; high hemoglobin A1c, hemoglobin A1c 5.8%. For women, HDL cholesterol 50 mg/dL was used to define low HDL cholesterolemia, since the percentage of female subjects with HDL cholesterol 40 mg/dL was very low and the criterion of HDL cholesterol 50 mg/dL is used for low HDL cholesterolemia in women in the International Guidelines of Metabolic Syndrome 32) . Subjects under treatment for hypertension, dyslipidemia, and diabetes were also included in the above definitions of risk factors.
Statistical analysis
Statistical analyses were performed using computer software (SPSS version 16.0 J for Windows, Chicago IL, USA). Mean values of each variable in men and women were compared using Student's unpaired t-test. In multivariate analysis, mean values of each variable, calculated after adjustment for additional variables, such as age, body mass index, and history of smoking, were compared among the three or four alcohol groups using ANCOVA and then Student's t-test after Bonferroni correction. The prevalence of each risk factor in the alcohol groups of men or women was compared using the chi-square test for independence or Fisher's exact probability test. In logistic regression analysis, age-, body mass index-, smoking history-and history of therapy for hypertension, dyslipidemia or diabetes mellius-adjusted odds ratios of each drinker group vs. non-drinker group for high blood pressure, low HDL cholesterol, high triglyceride, and high hemoglobin A1c were calculated. Odds ratios for large waist circumference and metabolic syndrome were calculated after adjustment for age and history of smoking. Probability ( p) values less than 0.05 were defined as significant.
The terms used for the relationships of alcohol intake with atherosclerotic risk factors and metabolic syndrome were as follow. J-shaped (men): the levels of the mean, prevalence or odds ratio are lowest in light drinkers and higher in very heavy drinkers than in non-drinkers. U-shaped (men): the levels of the mean, prevalence or odds ratio are lower in light and heavy drinkers than in non-drinkers and are comparable in non-drinkers and very heavy drinkers. V-shaped (women): the levels of the mean, prevalence or odds ratio are lower in light drinkers than in non-and heavy drinkers and are comparable in non-drinkers and heavy drinkers. Table 1 shows the profiles of male and female subjects. The percentages of drinkers and smokers were much higher in men than in women. Mean levels of risk factors for atherosclerosis, including waist circumstance, systolic and diastolic blood pressure, log-converted triglyceride, and hemoglobin A1c, and the prevalence of these risk factors and metabolic syndrome were significantly higher in men than in women. The mean level of HDL cholesterol and prevalence of low HDL cholesterolemia were significantly higher and lower, respectively, in women than in men.
Results
Profiles of subjects and comparison of each variable between men and women
Comparison of mean levels of each variable among alcohol intake groups in men and women
The mean levels of each variable after adjustment for age, smoking history, body mass index, and history of therapy for hypertension, dyslipidemia or diabetes mellitus in the alcohol intake groups are shown in Fig. 1 . Age and smoking history were adjusted to calculate the means of waist circumstance. Waist circumstance showed U-and V-shaped relationships with alcohol intake in men and women, respectively, and the waist circumstance of light and heavy drinkers in men and the waist circumference of light drinkers in women were significantly smaller than in non-drinkers ( Fig. 1A) . In both men and women, systolic and diastolic blood pressure and HDL cholesterol tended to be higher with increased alcohol intake ( Fig. 1B, C, D) . In men, systolic and diastolic blood pressure and HDL cholesterol were significantly higher in light, heavy and very heavy drinkers than in non-drinkers and were significantly higher in heavy and very heavy drinkers than in light drinkers ( Fig. 1B, C, D) . In men, logconverted triglyceride showed a J-shaped relationship with alcohol intake and was slightly lower in light drinkers than in non-drinkers and was significantly higher in heavy and very heavy drinkers than in non-and light drinkers (Fig. 1E) . In women, log-converted triglyceride showed a V-shaped relationship with alcohol intake: log-converted triglyceride was significantly lower in light drinkers than in non-drinkers and was significantly higher in heavy drinkers than in light drinkers ( Fig. 1E) . In both men and women, hemoglobin A1c tended to be lower with increased alcohol intake, and hemoglobin A1c of light, heavy and very heavy drinkers was significantly lower than that of non-drinkers ( Fig. 1F) . Table 2 shows the prevalence of each risk factor or metabolic syndrome in each alcohol intake group. In men, the prevalence of large waist circumstance showed a U-shaped relationship with alcohol intake and was significantly lower in light and heavy drinkers than in non-drinkers. In women, the prevalence of large waist circumstance was significantly lower in light and heavy drinkers than in non-drinkers and was lowest in light drinkers. In men, the prevalence of high systolic or diastolic blood pressure tended to be higher with increased alcohol intake, was significantly higher in light, heavy and very heavy drinkers than in non-drinkers, and was significantly higher in heavy and very heavy drinkers than in light drinkers. In women, the prevalence of high systolic blood pressure was significantly lower in light drinkers than in non-drinkers and was significantly higher in heavy drinkers than in light drinkers. In women, the prevalence of high diastolic blood pressure showed a V-shaped relationship with alcohol intake, although there was only a marginally significant difference in the prevalence of high diastolic blood pressure of light drinkers compared to non-drinkers. In both men and women, the prevalence of low HDL cholesterol tended to be lower with increasd alcohol intake, was significantly lower in light, heavy and very heavy drinkers than in nondrinkers, and was significantly lower in heavy and very heavy drinkers than in light drinkers. In men, the prevalence of high triglyceride showed a J-shaped relationship with alcohol intake, was significantly lower in light drinkers than in non-drinkers, and was significantly higher in heavy and very heavy drinkers than in non-and light drinkers. In women, the prevalence of high triglyceride showed a V-shaped relationship with Shown are numbers of subjects, means with standard deviations of each variable, and prevalence of each risk factor or metabolic syndrome. Asterisks denote significant differences from men ( , p 0.05; , p 0.01).
Comparison of prevalence of each risk factor for atherosclerosis and metabolic syndrome among alcohol intake groups in men and women
alcohol intake, was significantly lower in light drinkers than in non-drinkers, and was significantly higher in heavy drinkers than in light drinkers. In both men and women, the prevalence of high hemoglobin A1c
was much lower in all drinker groups than in the nondrinker group and was lowest in light drinkers. In men, the prevalence of metabolic syndrome showed a J-shaped relationship with alcohol intake, was signifi- cantly lower in light drinkers and heavy drinkers than in non-drinkers, and was significantly higher in very heavy drinkers than in non-and light drinkers. In women, the prevalence of metabolic syndrome was significantly lower in light drinkers than in non-drinkers. Table 3 shows the odds ratios of each drinker group vs. non-drinker group for each risk factor and metabolic syndrome after adjustment for other variables. In men, the odds ratio for large waist circumstance showed a U-shaped relationship with alcohol intake, and the odds ratios were significantly low in light and heavy drinkers. In women, the odds ratios vs. non-drinkers for large waist circumference were significantly low in light and heavy drinkers and were lowest in light drinkers. In men, the odds ratios vs. non-drinkers for high systolic or diastolic blood pressure tended to be higher with increased alcohol intake and were significantly high in all drinker groups. In women, the odds ratios vs. non-drinkers for high systolic or diastolic blood pressure were significantly high in heavy drinkers, but not in light drinkers. In both men and women, the odds ratios vs. non-drinkers for low HDL cholesterol were significantly low in all drinker groups. In men, the odds ratios vs. non-drinkers for low HDL cholesterol tended to be lower with increasd alcohol intake. The odds ratios vs. non-drinkers for high triglyceride in men were significantly high in heavy and very heavy drinkers, while the odds ratio vs. non-drinkers for high triglyceride in women showed a V-shaped relationship with alcohol intake, and was marginally significantly low in light drinkers. In men, the odds ratios of light, heavy and very heavy drinkers vs. non-drinkers for high hemoglobin A1c were significantly low. In women, the odds ratios of light and heavy drinkers vs. non-drinkers for high hemoglobin A1c were low, although not statistically significant. The lowest odds ratios for high hemoglobin A1c in men and women were obtained in light drinkers . In men, the odds ratio vs. non-drinkers for metabolic syndrome was significantly low in light and heavy drinkers, while significantly high in very heavy drinkers. In women, a significantly low odds ratio vs. non-drinkers for metabolic syndrome was obtained in light drinkers. Odds ratios with their 95% confidence intervals in parentheses are shown. Age, history of smoking, body mass index, and history of therapy for hypertension, dyslipidemia or diabetes mellitus were adjusted for calculation of odds ratios for high systolic or diastolic blood pressure, low HDL cholesterol, high triglyceride and high hemoglobin A1c. Age and history of smoking were adjusted for calculation of odds ratios for large waist circumference and metabolic syndrome. BP, blood pressure. Asterisks denote significant odds ratios of each drinker group vs. the non-drinker group ( , p 0.05; , p 0.01). Marginally significant odds ratios of each drinker group vs. the non-drinker group: , p 0.057; , p 0.053.
Odds ratios of each drinker group vs. non-drinker group for each risk factor and metabolic syndrome in men and women
Relationships between alcohol intake and metabolic syndrome in smokers and non-smokers
In men, there were J-and U-shaped relationships between alcohol intake and the risk of metabolic syndrome in non-smokers and smokers, respectively (Table 4). In female non-smokers, the prevalence of metabolic syndrome was significantly lower in light drinkers than in non-drinkers, and the odds ratio of light drinkers vs. non-drinkers for metabolic syndrome was significantly low ( Table 4 ). In female smokers, no significant difference in the prevalence of metabolic syndrome compared with non-drinkers and no significant odds ratio vs. non-drinkers for metabolic syndrome were obtained in the drinker groups ( Table 4) .
Discussion
This study demonstrated that the prevalence of metabolic syndrome was lowest in light drinkers ( 22 g ethanol/day) in men and women and was higher in very heavy drinkers (≥ 44 g ethanol/day) than in nondrinkers in men. To the best of my knowledge, this is the first study showing an inverse relationship between light alcohol consumption and metabolic syndrome in Japanese. Alcohol is known to have both preventive and deteriorative actions on atherosclerotic progression. The present study confirmed that alcohol intake is associated with increases in blood pressure and HDL cholesterol. Alcohol consumption in men and women showed U-and V-shaped relationships, respectively, with waist circumference and J-and V-shaped relationships, respectively, with triglyceride, while alcohol consumption was inversely associated with hemoglo-bin A1c in men and women. The sum of these positive and negative relationships of alcohol intake with the risk factors composing metabolic syndrome was reflected by the relationship of alcohol intake with metabolic syndrome.
It is difficult to simply compare the results of this study with those of the previous study using Japanese subjects 21) , which showed that heavy drinking ( 150 g ethanol /week) was associated with an increased risk of metabolic syndrome because, in the previous study, no comparison was made between non-drinkers and drinkers, and the data for men and women were analyzed together. In the present study, the lowest odds ratio for metabolic syndrome both in men and in women was obtained in light drinkers ( 22 g ethanol/ day), and thus the prevalence of metabolic syndrome was higher in heavy drinkers than in light drinkers.
The reason for the discrepancies of the results of previous studies regarding the relationship between alcohol and metabolic syndrome is unknown, although possible reason is the aforementioned difference in race/ethnicity. The prevalence of metabolic syndrome is much higher in Americans than in Japanese. In addition to genetic differences, differences in nutrition and lifestyles, including food intake and physical activity, influence the relationship between alcohol and metabolic syndrome. In US subjects, moderate alcohol consumption was associated with a lower odds ratio for metabolic syndrome in women but was not significantly related to the risk of metabolic syndrome in men 13, 33) . Similarly, alcohol intake has recently been shown to be inversely associated with metabolic syndrome in women but not in men by a Norwegian Odds ratios with their 95% confidence intervals in parentheses are shown. Age was adjusted for calculation of odds ratios for metabolic syndrome. Significantly different prevalence compared with non-drinkers or significant odds ratios of each drinker group vs. the non-drinker group ( , p 0.05;
, p 0.01). Significantly different prevalence compared with light drinkers ( , p 0.05; , p 0.01). group 34) . A Korean group has reported U-and Jshaped relationships between alcohol intake and metabolic syndrome in men and women, respectively 20) ; therefore, there seems to be a gender-specific difference in the relationship between alcohol intake and metabolic syndrome. In the present study, no detailed classification of heavy drinkers in women was performed because the number of female very heavy drinkers (≥ 44 g ethanol/day) was not large enough for analysis, and thus it was difficult to determine whether there was a gender-related difference in the relationship between alcohol intake and metabolic syndrome in Japanese. Age is also a possible confounder of the relationship between alcohol intake and metabolic syndrome. In a previous study, no relationship between alcohol intake and metabolic syndrome was found in older men, although the relationship was not compared between the old and young 26) . The present study showed that a history of smoking influenced the relationship between alcohol intake and metabolic syndrome, with J-and U-shaped relationships between alcohol intake and the risk of metabolic syndrome in male non-smokers and smokers, respectively. Thus, the lowering effect of alcohol drinking on the risk of metabolic syndrome is more prominent in smokers than in non-smokers, and this difference may be explained in part by the metabolic effects of smoking, such as increased metabolic rate, decreased metabolic efficiency and decreased caloric absorption, which result in the lower body weights of smokers compared with non-smokers. The reason why no significant association between alcohol intake and metabolic syndrome was obtained in female smokers may be the much lower percentages of smokers and drinkers in women than in men. Nutrition and physical activity, which are known to be associated with alcohol consumption 35) , possibly confound the relationships between alcohol drinking and risk factors for atherosclerosis. The relationships of alcohol intake with blood pressure, serum lipids, and hemoglobin A1c in the present study were not altered by exclusion of subjects with histories of therapy for hypertension, dyslipidemia and/or diabetes mellitus (data not shown) and thus were not confounded by histories of the above diseases. The prevalence of metabolic syndrome in the present study was higher than reported by another Japanese group 36) , and one possible reason for this is a regional difference in the lifestyle of subjects. Another reason for the confounded relationship between alcohol and metabolic syndrome is a difference in drinking patterns. Fan et al. 28) reported that metabolic syndrome showed an inverse linear relationship with the frequency of drinking but a positive lin-ear relationship with the frequency of binge drinking. Thus, binge drinking is suggested to be a risk factor for metabolic syndrome. It is controversial whether the type of alcohol beverage influences the relationship between alcohol intake and metabolic syndrome. A significant inverse association of alcohol with the prevalence of metabolic syndrome was found in beer and wine drinkers but not in liquor drinkers 16) . On the other hand, alcohol consumption has been shown to be associated with a lower prevalence of metabolic syndrome irrespective of the type of alcohol beverage 15) . In the present study, the subjects did not include occasional drinkers, and information on binge drinking and the type of alcohol beverage was unfortunately not available.
In most previous studies on the relationships between alcohol and metabolic syndrome, the National Cholesterol Education Program Adult Treatment Program guidelines 32) were used for the diagnosis of metabolic syndrome. Only a previous study by a Japanese group 21) and the present study used Japanese guidelines for metabolic syndrome. The main difference in the definitions of metabolic syndrome is that large waist circumference, reflecting visceral obesity, is essential for the diagnosis of metabolic syndrome in the Japanese guidelines. In the study by Urashima et al. 21) , the relationships between alcohol consumption and metabolic syndrome were compared using both international and Japanese guidelines, and no difference was found in the tendency of results regarding the relationship between alcohol intake and metabolic syndrome.
This study demonstrated that light drinking was associated with a lower risk of metabolic syndrome in men and women; however, this should not be interpreted to mean that alcohol is recommended for the prevention of metabolic syndrome and atherosclerotic disease, since there is a problem of alcohol addiction. In men, the risk of metabolic syndrome was higher in very heavy drinkers than in non-and light drinkers. This finding agrees with the associations of high alcohol consumption with increased risks of cardiovascular disease 8, 11) and increased all-cause mortality 37, 38) .
The limitations of this study are as follows. As mentioned above, there is a possibility that the relationship between alcohol consumption and metabolic syndrome is confounded by nutrition, lifestyle including food intake and physical activity, drinking pattern, and the type of alcohol beverage. Gene-alcohol interactions in metabolic syndrome have been proposed 39) , and polymorphisms of alcohol-metabolizing enzymes are well known in Japanese 40, 41) ; however, data on the polymorphism of aldehyde dehydrogenase were not available in the present study. Thus, further studies are needed to determine whether the relationship between alcohol consumption and metabolic syndrome is influenced by genetic factors including polymorphisms of alcohol-metabolizing enzymes. Since the present study is a cross-sectional study, prospective studies are needed to clarify the causal relationships between alcohol drinking and metabolic syndrome in Japanese.
In conclusion, light drinking is associated with a lower risk of metabolic syndrome in Japanese men and women, while very heavy drinking is suggested to increase the risk of metabolic syndrome in Japanese men.
